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The rates of photosynthesis and transpiration of Olea 
europaea L. subsp. africana (Mill.) P.S. Green were studied 
on a daily and seasonal basis. The mutual dependence as 
well as the relationship with abiotic variables were 
investigated . Peaks in the daily course of the photo-
synthetic rate usually occurred between 09h00 and 10h00 
with a midday depression at 14h00. The highest 
transpiration rate occurred between 10h00 and 11 hOO and 
was followed by a midday depression from 12h00 to 13h00. 
A midday depression in the rate of photosynthesis and/or 
transpiration may be attributed to high leaf temperatures 
(> 28°C), high vapour pressure gradient, water stress, high 
respiration rate and enzyme inactivation. The seasonal 
course in the rates of photosynthesis and transpiration 
appeared to be independent of the photosynthetic photon 
flux density whilst relatively low or high rainfall and 
re latively high air and leaf temperatures (> 28°C) appeared 
to be influential. 
S. Afr. J. Bot. 1986, 52: 301 - 308 
Die fotosintese- en transpirasietempo van Olea europaea L. 
subsp. africana (Mill.) P.S. Green is op 'n daaglikse en 
seisoenale basis ondersoek. Die onderlinge verband asook 
die verband met klimaatsfaktore is nagegaan. Die daaglikse 
verloop van die fotosintesetempo het pieke tussen 09h00 en 
10h00 getoon gevolg deur 'n middaginsinking om 14h00. Die 
hoogste transpirasietempo het van 10h00 tot 11h00 
voorgekom en is deur 'n middaginsinking vanaf 12h00 tot 
13h00 gevolg . 'n Middaginsinking in die verloop van die 
fotosintese- en/of transpirasietempo kan waarskynlik aan 
hoe blaartemperature (> 28°C), hoe dampdrukgradient, 
waterspanning, hoe respirasietempo en ensieminaktivering 
toegeskryf word . Die seisoenale verloop van die fotosintese 
en transpirasietempo blyk onafhanklik van fotosintetiese 
foton-vloeddigtheid te wees, terwyl die afwesigheid van 
reenval of hoe reenval (> 35 mm per week) en hoe lug- en 
blaartemperature (> 28°C) 'n invloed uitoefen. Die 
drumpelwaardes, optimum waardes en boonste grens-
waardes van omgewingsfaktore met verwysing na die 
fotosintese- en transpirasietempo is oak onder 
veldtoestande vasgestel. 
S.-Afr. Tydskr. Plantk. 1986, 52: 301-308 
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Introduction 
Since gas exchange during photosynthesis and transpiration 
occurs through the stomata, all variables that influence 
stomatal movement also influence the rate of photosynthesis 
and transpiration. Atmospheric C02 concentration, water 
supply, light intensity and temperature are the most important 
factors regulating stomatal movement (Kramer & Kozlowski 
1979; Sutcliffe 1979; Larcher 1980). 
The aim of this study was to investigate the rates of 
photosynthesis and transpiration as well as the leaf diffusion 
resistance and leaf temperature of Olea europaea L. subsp. 
ajricana (Mill.) P.S. Green on a daily and seasonal basis under 
field conditions. An attempt was made to establish the 
relationship between these factors and climatic variables. The 
motivation, aim and methodology employed in this study were 
identical to that described by Van Rooyen et a/. (1986). 
Materials and Methods 
The rate of photosynthesis was measured with a 14C02-
method based on Shimshi (1969) and McWilliam eta/. (1973) 
and the abaxial transpiration rate determined with a LI-1600 
Steady State porometer. The data were subjected to a multi-
variate regression analysis (Graybill 1976) and all variables 
were plotted in pairs against each other and curves fitted. See 
Van Rooyen eta/. (I986) for more information concerning 
the methods employed. 
For comparative purposes the photosynthetic rates of 
Dombeya rotundifolia and Cassine burkeana were also 
measured at II hOO at more or less monthly intervals during 
the I980/8I growing season. The transpiration rates of the 
following species were also measured at IIhOO during I980 -
I982 at more or less monthly intervals: 
Cassine burkeana (Sond.) Kuntze 
Cussonia paniculata Eckl. & Zeyh. 
Dombeya rotundifolia (Hochst.) Planch. var. rotundifolia 
Euclea crispa (Thunb.) Guerke var. crispa 
Maytenus heterophylla (Eckl. & Zeyh.) N.K.R Robson 
Pappea capensis Eckl. & Zeyh. 
Vangueria injausta Burch. 
Ximenia cajjra Sond. var. cajjra. 
Results and Discussion 
Photosynthesis 
The results are applicable to the I981182 growth season. The 
highest rate of photosynthesis for Olea europaea subsp. 
ajricana was measured at IOhOO during February I982 when 
2I,60 mg C02 dm -z h-I was recorded (Figure 2a). The 
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photosynthetic rate usually varied between 7 and IO mg C02 
dm- 2 h - 1• 
The mean rates of photosynthesis for evergreen trees of 
subtropical and temperate regions range from 3 to I8 mg C02 
dm - 2 h - 1 (Larcher I980). 
The mean photosynthetic rate for Olea europaea subsp. 
ajricana, measured during the period April to September 
(colder dry months), was on average approximately 82,20Jo 
of the mean rate measured during the period October to 
March (warmer wet months) (Table I). 
The rates of photosynthesis determined for four other tree 
species on the Roodeplaat Dam Nature Reserve are shown 
in Table I . The mean rate of photosynthesis for the months 
April to September was approximately 57% of the rate for 
the months October to March, although it varied from 82,2% 
to 84,2% for evergreen species and from 29,8% to 48,7% 
for deciduous species (Table I). 
Table 1 The mean photosynthetic rate (mg C02 dm - 2 
h - 1) ( ± standard deviation) at 11 hOO for the months 
October to March and for April to September on the 
Roodeplaat Dam Nature Reserve. Measurements were 
made at more or less monthly intervals 
Growth 
Photosynthetic rate 
Percen-
Species season Oct. -Mar. Apr. - Sept. tage• 
eotea europaea 
subsp. ajricana 1981/ 82 9,28 ± 4,28 7,63 ± 3,13 82 ,2 
Berchemia zeyheri 1980/ 81 10,68±4,16 3,18 ± 2,81 29,8 
1981182 10,54 ± 2,46 4,10 ± 3,37 38,9 
· Dombeya rotun-
dijo/ia 1980/ 81 12,91 ±7,27 6,31b 48,9 
8Cassine burkeana 1980/ 81 9,30 ± 6,66 7,83 ± 2,20 84,2 
Mean 56,80 
•values for April to September as a percentage of the values for October 
to March 
bOne measurement only 
8Evergreen, the rest are deciduous species 
During spring (early September) the photosynthetic rate of 
Olea europaea subsp. africana stayed low throughout the day. 
The highest rate recorded was I ,83 mg C02 dm- 2 h - 1 at 
IIhOO (Figure Ia). After the first rains fell in September and 
October I98I, the photosynthetic rate increased substantially 
with the highest rates recorded from 09h00 to IIhOO (values 
of I6,I7; I5,20 and I6,34 mg C02 dm - 2 h - 1 respectively) 
(Figure Ic). During November/December I981 the weather 
was particularly warm and dry and the photosynthetic rate 
reached a maximum at IOhOO (I0,64 mg C02 dm - 2 h - 1) . 
Thereafter, a midday depression occurred up to l3h00 (0,37 
mg C02 dm- 2 h- 1) with a recovery in the photosynthetic 
rate by 14h00 (5,90 mg C02 dm - 2 h - 1) (Figure Ie). From 
14h00 to I8h00 there was a gradual decrease to I,93 mg C02 
dm- 2 h- 1• Figure Ie represents the typical course of photo-
synthesis under environmental conditions of high temperatures 
and high moisture stress. 
From late summer to autumn the maximum rate of photo-
synthesis was recorded early in the day (08h00 to I OhOO from 
January to April), followed by a mild depression and slight 
recovery in the late afternoon (Figure Ig, 2a, c & e) . In May 
a daily course similar to that in December was recorded 
(Figure 2g), while the photosynthetic rate stayed low through-
out the day in June (Figure 3). 
Peaks in the photosynthetic rate occurred most frequently 
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at 09h00 and IOhOO. According to Kramer & Kozlowski (1979) 
the maximum photosynthetic rate can usually be found 
between 08h00 and IOhOO, while Shimshi (I969), Al-Ani et 
a/. (1972) and Hinckley eta/. (1979) also recorded peaks at 
approximately IOhOO. Midday depressions in the photo-
synthetic rate of Olea europaea subsp. ajricana usually oc-
curred at approximately I4h00. 
Two peaks were recorded in the seasonal course of the 
photosynthetic rate at 11h00 in Olea europaea subsp. ajricana 
during the 1981/82 growth season. In October, shortly after 
good rains fell, a peak rate of I6,24 mg C02 dm- 2 h- 1 was 
measured and later in February a peak rate of I2,36 mg C02 
dm - 2 h - 1 was recorded (Figure 4). 
Transpiration 
The highest transpiration rate recorded at IIhOO for Olea 
europaea subsp. ajricana during the 1980/ 81 growth season 
was 10,63 Jlg H20 em - 2 s- 1 (in December I980), and during 
the I981/82 season 24,7 5 11g H20 em - 2 S- 1 (in February 
1982) (Table 2). 
The mean transpiration rate at 11h00 for the summer 
months October to March was 6,54 Jlg H20 em- 2 s - 1 for 
1980/ 8I and l3,84Jlg H20 cm - 2 s- 1 for I981/82. For the 
months April to September the values varied from 6,03 Jlg 
H20 em - 2 s - 1 for I981 to 6,88 Jlg H20 em- 2 s - 1 for 1Q82. 
The transpiration rate for the period April to September, 
expressed as a percentage of the rates for the period October 
to March was 92,2% for I980/ 81 and 49,7% for I981/82 
(Table 2). 
The transpiration rate mentioned for Olea europaea subsp. 
europaea (European olive) by Larcher (1980) varied from 0,65 
to 2,31 Jlg H20 em - 2 s- 1 which is much lower than that 
recorded for 0. europaea subsp. ajricana. 
The lowest and highest diffusion resistance measured during 
1980/ 81 were I,85 s em - 1 for December and I9,60 sem - I 
for August. For I981/82 the lowest and highest values were 
0,62 sem - I for October I98I and 8,I9 sem-I for September 
I982 (Table 3). These values are in accordance with the values 
for stomatal resistance mentioned by Kramer & Kozlowski 
(1979) i.e. I -7 s em - 1 for open stomata and up to I 50 s 
em - 1 for closed stomata. 
For a comparison between the transpiration rates and 
diffusion resistances of Berchemia zeyheri and Olea europaea 
subsp. ajricana and other woody species see Tables 2 & 3. 
In spring (September) a low transpiration rate with small 
fluctuations occurred in Olea europaea subsp. ajricana during 
the daily course (Figure Ia) . A slight peak was observed at 
IIhOO (4,95 Jlg H20 em - 2 s -I) and again at I7h00 (4,88 Jlg 
H20 em - 2 s - 1) . After the first rains in September and early 
October there was a substantial increase in the transpiration 
rate with a peak at l3h00 (23,96 Jlg H20 em- 2 s - 1) (Figure 
Ic). A clear midday depression was, however, observed after 
a dry and hot November (Figure Ie) . The same pattern was 
found in January, but in February the absence of a midday 
depression was conspicuous and there was a single peak at 
I2h00 (29,68 Jlg H20 em - 2 s - 1) (Figures Ig & 2a). The 
transpiratiqn rate started to decline by March and a slight 
midday depression was observed again in May (Figures 2c, 
e & g). During June the transpiration rate was low throughout 
the day with a slight peak between IIhOO and I2h00 (4,62 
jlg H20 em - 2 s- 1) (Figure 3). 
In general the highest transpiration rates occurred between 
IOhOO and IIhOO. This was followed by a midday depression 
from I2h00 to I3h00 and a slight recovery at I4h00. 
The seasonal course of the transpiration rate at II hOO for 
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Figure 1 Daily course of some plant and environmental factors for the months September to January, as exhibited by Olea europaea subsp. 
africana. a, c, e & g: T photosynthetic rate; e transpiration rate; 0 diffusion resistance; • leaf temperature. b, d, f & h: x photosynthetic 
photon flux density; + air temperature; 6 wind speed; • relative humidity. 
Olea europaea subsp. africana showed two peaks, that is, in 
October and February (Figure 4). 
Multivariate regression analysis 
The results of the multivariate regression analysis are given 
in Table 4. To interpret Table 4, the influence of the abiotic 
variables on the photosynthetic rate are discussed. When the 
abiotic variables were used independently for the regression 
model on the photosynthetic rate, the variation in the air 
temperature and soil temperature (at 10 mm depth in a bush 
clump) contributed approximately 150Jo (P = 0,1478) and 7% 
(P = 0,016) respectively to the variation in the photosynthetic 
rate. It is therefore clear that these variables did not in-
dependently influence the photosynthetic rate in any signifi-
cant way. 
When two abiotic variables were used jointly for a regression 
model of the photosynthetic rate, the variation in soil tempera-
ture (at 300 mm depth in grassland and in a bush clump) 
contributed 42% (P = 0,0003) and thereafter the photo-
synthetic photon flux density (PPFD) and air temperature 
contributed 29% (P = 0,0041) to the variation in the 
photosynthetic rate. 
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Figure 2 Daily course of some plant and environmental factors for the months February to May as exhibited by Olea europaea subsp. ajricana. 
a, c, e & g: ,.. photosynthetic rate; e transpiration rate; 0 diffusion resistance; • leaf temperature. b, d, f & h: x photosynthetic photon flux 
density; + air temperature; !:;. wind speed; .A. relative humidity. 
As was the case with photosynthesis, the influence of abiotic 
variables on transpiration and diffusion resistance was not very 
significant. Leaf temperature however, has a relatively strong 
relation with air temperature and also with air temperature 
and rainfall jointly (Table 4). For some reason, PPFD did 
not influence the plant variables of Olea europaea subsp. 
ajricana as much as in the case of Berchemia zeyheri (Van 
Rooyen eta/. 1986). Irradiance is closely correlated with the 
transpiration rate (Sutcliffe 1979). 
From the graphs that were constructed by plotting the 
different abiotic and plant variables in pairs against each other, 
it was possible to get an indication of the threshold levels, 
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Figure 3 Daily course of some plant and environmental factors for 
June, as exhibited by Olea europaea subsp. ajricana. a:-., photosynthetic 
rate; e transpiration rate; 0 diffusion resistance; • leaf temperature. 
b: X photosynthetic photon flux density; • air temperature; !:::.. wind 
speed; .& relative humidity. 
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optimum values and maximum limits of the climatic factors 
under field conditions, with regard to the photosynthetic and 
transpiration rates (Table 5). 
The optimum photosynthetic rate in Olea europaea subsp. 
africana occurred at an air temperature of 22°C, a relative 
humidity of between 32 and 500Jo, a PPFD of between I 500 
and 1 800 J,.Lmol m- 2 s- 1, a wind speed of 1,75 m s- 1 and 
a leaf temperature of 23°C. The optimum climatic conditions 
for transpiration differed somewhat from that for photo-
synthesis. The air temperature is 25°C, relative humidity is 
24%, PPFD is 1 900 J..Lmol m - 2 s- 1, wind speed is 1,4 m 
s- 1 and leaf temperature 28°C (Table 5). 
J A S 0 N D F M A M J 
Months 
Figure 4 Seasonal course of some plant factors of Olea europaea subsp. 
ajricana as well as the relative humidity, measured at llhOO. The values 
used per month are the mean for a two-year period. -., photosynthetic 
rate; e transpiration rate; 0 diffusion resistance; • leaf temperature; 
.& relative humidity. 
Table 2 Transpiration rates ( ± standard deviation) of the abaxial leaf surface for a number of woody 
species on the Roodeplaat Dam Nature Reserve. The values were determined at monthly intervals 
Transpiration rate (~g H20 em - 2 s - 1) 
Highest values at llhOO Mean values at llhOO for the period 07o 3 
Oct. -Mar. Apr. - Sep. 
Jun. - Aug. Sep. -Sep. 
Species 1980/ 81 1981 / 82 1980/ 81 1981 / 82 1981 1982 1980/ 81 1981/82 
Berchemia zeyheri 15,63 F b 31,88 F b 8,93 18,89 2,48 8,03 27,8 42,5 
±5,92 e · ±5,81 e · ±4,76 ±9,03 ±0,83 ±4,33 
acassine burkeana 16,55 F b 26,78 F b 7,94 12,44 7,85 12,49 98,9 100,4 ±2,41 e · ±2,94 e · ±5,44 ±8,31 ±3,89 ± 6,33 
Cussonia paniculata 26,98 F b 24,70 F b 12,20 14,70 0,95 7,21 7,8 49,0 ± 2,39 e · ±3,61 e · ± 11,49 ±7,19 ±0,78 ±4,15 
Dombeya rotundijo/ia 20,32 F b 29,13 F b 9,25 21,53 4,02 7,08 43,5 32,9 ±3,19 e · ±4,54 e · ±5,99 ±7,29 ±0,00 ±2,29 
a Euclea crispa 26,62 F b 14,88 11,68 78,5 
±0,40 e · ±8,49 ± 1,53 
Maytenus heterophylla 9,01 M 12,30 M 7,80 10,44 7,91 7,83 101,4 75,0 ± 0,82 ar. ± 2,44 ar. ± 1,24 ± 1,79 ± 1,01 ±3,49 
90iea europaea subsp. 10,63 24,75 F b 6,54 13,84 6,03 6,88 92,2 49,7 
ajricana ±3,25 Dec. ±4,38 e · ±3,55 ±6,44 ±2,98 ±2,01 
Pappea capensis 13,85 F b 26,08 F b 9,57 17,13 5,60 11,65 58,5 68,0 
±3,18 e · ±2,04 e · ±4,73 ±7,45 ±0,55 ±3,86 
Vangueria infausta 15,78 F b 26,14 F b 12,15 22,65 6,83 12,27 56,2 54,2 ± 2,58 e · ±3,85 e · ±4,34 ±4,10 ± 1,75 ±6,56 
Ximenia caffra 27,82 F b 15,67 5,14 32,8 
±0,19 e · ±8,48 ±3,94 
Mean 60,8 58,3 
•values for April to September as a percentage of the values for October to March 
6Evergreen, the rest are deciduous species 
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Table 3 Diffusion resistance ( ± standard deviation) of the abaxial leaf surface for a number of woody 
species on the Roodeplaat Dam Nature Reserve. The values were determined at monthly intervals 
Diffusion resistance (s em - 1) 
Jun. 1980 - Aug. 1981 Sep. 1981- Sep. 1982 Mean values 
Oct. -Mar. Apr. -Sep. 
Lowest Highest Lowest Highest 
values values values values 1980/ 81 1981 / 82 1981 
Berchemia zeyheri 1,91 D 13,85 0,59 F b 6,12 3,0 1,5 10,4 ±0,34 ec. ±3,26 Aug. ±0,19 e · +3 35 Jun. ± 1,7 ±0,7 ±2,4 
- ' 
9Cassine burkeana 0,81 15,26 0,59 A 7,71 J 6,4 3,7 2,4 ±0,14 Feb. ± 13,88 Nov. ±0,04 pr. ±7,62 an. ±6,0 ±3,3 ±0,5 
Cussonia panicu!ata 1,19 103,76 0,51 F b 5,34 M 5,8 2,2 56,5 ±0,33 Dec. ± 105,67 Jul. ±0,11 e · ± 1,16 ay ±8,1 ± 1,9 ±38,5 
Dombeya ro(undijolia 0,77 F b 12,13 0,55 b 5,70 3,9 1,4 4,5 +0 14 e · + 5 80 Nov. ±0,13 Fe . ±2,90 May ±3,7 ± 1,1 ±0,0 
- ' 
- ' 
e Euclea crispa 0,55 F b 
±0,02 e · 
4,53 J 
± 1,97 an. 
2,6 
±1,8 
Maytenus heterophylla 1,95 3,26 0,74 0 5,88 2,6 1,8 2,3 ±0,28 Jun. ±0,43 Apr. ±0,09 ct. ±1,16 Jun. ±0,4 ±1,1 ±0,8 
90/ea europaea subsp. 1,85 19,60 A 0,62 0 8,19 s 3,6 1,9 4,0 
africana ±0,73 Dec. ±3,44 ug. +009 ct. +4 41 ep. ± 1,6 ±1,5 ±2,3 
- ' - ' 
Pappea capensis 1,47 F b 4,14 A 0,44 F b 2,23 M 2,4 1,2 3,4 
±0,48 e · ± 1,98 pr. ±0,07 e · +I 38 ay ± 1,1 ±0,6 ±0,7 
- ' 
Vangueria infausta 1,20 F b 4,23 0,55 F b 2,98 1,9 0,8 3,2 +0 24 e · ±0,57 Apr. ±0,09 e · ±0,61 Jun. ±1,1 ±0,2 ± 1,5 
- ' 
Ximenia caffra 0,49 8,79 1,7 ±0,05 Feb. ± 1,14 May ±1,1 
9Evergreen, the rest are deciduous species 
Table 4 Regression models for four plant variables of Olea europaea subsp. africana 
determined by multivariate regression analysis 
Dependant variable 
Photosynthetic rate 
Transpiration rate 
Diffusion resistance 
Leaf temperature 
Independant variable 
Air temperature 
Soil temperature at 10 mm in bush clump 
Soil temperature at 200 mm in bush clump 
and grassland 
PPFDd + air temperature 
Relative humidity (RH) 
PPFD 
PPFD + RH 
RH + Rainfall 
Soil temperature at 10 mm in bush clump 
Air temperature 
Soil temperature at 10 mm + 300 mm in 
bush clump 
Soil temperature at 100 mm + 300 mm 
in bush clump 
Air temperature 
Soil temperature at 300 mm in grassland 
Air temperature + rainfall 
Air temperature + soil temperature at 
300 mm in grassland 
a I - the climatic variables were used independantly 
2 - the climatic variables were used jointly 
Number of 
variablesa 
2 
2 
I 
2 
2 
2 
2 
2 
2 
== 15 
==7 
== 42 
== 29 
== 12 
== II 
== 17 
== 17 
== II 
==3 
== 31 
== 25 
== 90 
== 39 
== 93 
== 93 
0,1478 
0,016 
0,0003 
0,0041 
0,0016 
0,0011 
0,0006 
0,0001 
0,008 
0,97 
0,0001 
0,0002 
0,0001 
0,0001 
0,0001 
0,0001 
bthe percentage variation in the specific plant variable that can be attributed to the changes in the specific plant variable 
<indicates the probability that the relation is by chance 
dphotosynthetic photon flux density 
1982 
2,8 
±2,3 
1,5 
±0,6 
3,4 
±3,1 
3,3 
± 1,6 
1,4 
±0,6 
2,5 
± 1,8 
2,7 
±1,4 
1,4 
±0,8 
1,6 
±1,1 
4,3 
±2,6 
Larcher (1969) found for 'the European olive tree Olea 
europaea subsp. europaea that the threshold temperature for 
photosynthesis was - 8°C, the optimum temperature in 
summer l8°C and the maximum limit 48°C. A threshold 
temperature of 5°C, an optimum of 22°C and maximum limit 
of 34°C for photosynthesis under field conditions was found 
for 0. europaea subsp. ajricana. 
A depression in the photosynthetic and transpiration rates 
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Table 5 The threshold levels, optimum values and 
maximum limits of environmental factors as related to 
the rates of photosynthesis and transpiration of Olea 
europaea subsp. africana 
Threshold Optimum Maximum 
level values limit 
Photosynthetic rate 
Air temperature (0 C) 5 22 34 
Relative humidity (O!o) 16 32 - 50 87 
PPFDa (11mol m - 2 s - 1) < 100 I 500-l 800 2 500 
Wind speed (m s - 1) 0 1,75 3,5 
Leaf temperature (0 C) 5 23 37 
Transpiration rate 
Air temperature (0 C) 12 25 34 
Relative humidity (O?o) 16 24 87 
PPFD3 (11mol m - 2 s - 1) < 100 I 900 2 500 
Wind speed (m s - 1) 0 1,4 3,5 
Leaf temperature (0 C) 5 28 37 
•photosynthetic photon flux density 
occurred under certain conditions in Berchemia zeyheri and 
Olea europaea subsp. ajricana and was discussed in Van 
Rooyen eta/. (1986). The conclusion of Tenhunen eta/. (1981) 
was that leaf temperature and air humidity were the most 
important external factors that induce stomatal closure at 
midday, but it is possible that endogenous factors such as the 
water potential, leaf water content or hormonal concentrations 
may modify the reaction to temperature and humidity. 
A curvilinear negative relation exists between the photo-
synthetic rate and diffusion resistance and the transpiration 
rate and diffusion resistance (Figures 5a & b). The transpira-
tion rate and leaf temperature show a slight positive relation, 
but the relation between air and leaf temperature is good 
(Figures 5c & d). 
The transpiration rate and/ or closure of the stomata are 
influenced by low temperatures(< 5°C) in the winter period 
(Watts 1977); high air and leaf temperatures (30- 35°C) that 
result in C02 accumulation in the intercellular air spaces due 
to a higher respiration rate (Etherington 1975; Sutcliffe 1979; 
Tenhunen eta/. 1980, 1981); low atmospheric humidity and 
therefore a steeper water potential gradient (Rawson et at. 
1977; Sutcliffe 1979); and soil moisture deficiencies (Cline & 
Campbell 1976; Sutcliffe 1979). 
The seasonal course of the rate of photosynthesis and 
transpiration show some similarities. High leaf temperatures 
(> 28°C) together with low rainfall apparently have a negative 
influence on the seasonal course of the photosynthetic and 
transpiration rates. 
The seasonal course of the photosynthetic and transpiration 
rates of Olea europaea subsp. ajricana appeared to be in-
dependent of PPFD. A peak in rainfall during January 1981 
and 1982 resulted in a peak in the above-mentioned rates. The 
decrease in the photosynthetic rate at the end of the growth 
season is likely to be correlated with a decrease in light 
intensity, photoperiod and temperature (Kramer & Kozlowski 
1979). 
General discussion of deciduous and evergreen trees 
In addition to the study on the deciduous tree Berchemia 
zeyheri (Van Rooyen et a/. 1986) and the evergreen tree Olea 
europaea subsp. ajricana, the photosynthetic and transpiration 
rates of a few other trees have also been investigated (Tables 
1 & 2). 
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Lower photosynthetic rates are usually recorded in sclero-
phyllous leaves than in leaves of deciduous species, mainly 
as a result of the higher mesophyll resistance to C02 transfer 
(Medina 1982). 
308 
Most of the evergreen savanna trees can be classified as 
sclerophyllous when their specific leaf area and nitrogen and 
phosphorous content per unit leaf mass are used as criteria. 
According to Table 1 the evergreen species had a lower 
photosynthetic rate in summer and higher rate in winter 
compared to the deciduous species. Mooney & Dunn (1970) 
found a higher photosynthetic potential in drought deciduous 
mediterranean species than in evergreen species. 
During mild winters evergreen species can maintain a 
moderate photosynthetic rate, but under extremely cold 
conditions (down to - 8°C) the photosynthetic rate can be 
reduced to zero (Saeki & Nomoto 1958; Larcher 1969; Kramer 
& Kozlowski 1979). 
The seasonal course of the transpiration rate at 11h00 of 
the evergreen and deciduous species were very similar viz. low 
rates were recorded from June to August followed by two 
peaks (October and February), or a single peak (mostly during 
February) (Figures 6 & 7). The peaks usually follow periods 
of high rainfall. 
Conclusions 
In contrast to what was found for the deciduous tree Ber-
chemia zeyheri, the PPFD did not correlate well with the rate 
of photosynthesis in Olea europaea subsp. africana. Changes 
in PPFD did however, show some influence on the transpi-
ration rate. It was found that changes in the air and soil 
temperature had some influence on the rate of photosynthesis, 
diffusion resistance and leaf temperature. 
The rate of photosynthesis of deciduous and evergreen 
species in general for the colder months (April to September), 
was approximately 400Jo and 83% respectively of the rate 
during the warm and wet months (October to March). Ac-
cording to Medina (1982) and Mooney & Dunn (1970) ever-
green species have a higher mesophyll resistance to C02 
transfer and a lower photosynthetic capacity than deciduous 
species. 
The mean transpiration rate at 11h00 of deciduous and 
evergreen species for the period April to September, was 
approximately 50% and 84% respectively of the rates during 
the period October to March. 
Evergreen species therefore do not show such a drastic 
restriction in the rate of transpiration during the cool drier 
months. This might be attributed to the longevity of evergreen 
leaves, for example up to 3 years in the case of Olea europaea 
subsp. ajricana. The decrease in the transpiration rate of 
deciduous species might be the direct result of leaf senescence. 
Stomatal function is as a result impaired and control of the 
water balance is lost. 
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